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ABSTRACT 



The method allows for the loading of operating systems 
between computers over a network, thereby drastically 
decreasing the amount of time required to download an 
operating system or update an operating system. A root 
directory is created and a subset of the operating system 
is loaded into the memory of the computer which is to 
receive the operating system, thereby eliminating the 
need to access or use the disk during the operating 
system download process. The subset of the operating 
system contains the basic commands for file creation 
and manipulation, directory creation and network com- 
munication. The computer system is then started using 
the subset of the operating system located in memory 
and connected to the network. Once the computer is 
connected to the network, the files comprising the oper- 
ating system to be downloaded are copied and trans- 
ferred from a remote computer over the network and 
stored on the disk drive of the receiving computer. 

7 Claims, 2 Drawing Sheets 



set &e:< T £.ISECT0R> 
ahz- load sjEsr 

TRANSFEREE C( 


T 0 8E .0C a'EC in Ram 

OF L»M* INTO RAM 
>MPJTER SYSTEM 






B0CT THE TRA*S f ER£E COMPUTER SYSTEM 
US'Nfc UN.tr LOADED IN RAM AND CREATE 
DART-liONi 






INPi/T MTWOPs aDORESSESOF TRANSFEROR 
ANU TQANSFEQEE COMPUTED SYSTEMS AND 
ANY GATEWAYS BETWEEN THE TRANSFEROR 
AND TRANSFEREE COMPUTER SY5TEM 






INITIATE NETWORK ROUTINE TO CONNECT T(* 
TRANSFEROR AND TRANSFEREE COMPUTER 
5vS t em ACROSS THE NETWORK 






TRANSFER A C0PV 
SVSTEM OaTa FROM T 
SYSTEM TO TRANSFER 


OF THE OPERATING 
3AKSFEBOR COMPUTER 
EE COMPUTER SYSTEM 



■ 20 



30 



06/07/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 25, 1992 Sheet 1 of 2 



START 



SET ROOT DIRECTORY TO BE LOCATED IN RAM 
AND LOAD SUBSET OF UNIX INTO RAM 
TRANSFEREE COMPUTER SYSTEM 



I 



BOOT THE TRANSFEREE COMPUTER SYSTEM 
USING UNIX LOADED IN RAM AND CREATE 
DISK PARTITIONS 



i 



INPUT NETWORK ADDRESSES OF TRANSFEROR 
AND TRANSFEREE COMPUTER SYSTEMS AND 
ANY GATEWAYS BETWEEN THE TRANSFEROR 
AND TRANSFEREE COMPUTER SYSTEM 



T 



INITIATE NETWORK ROUTINE TO CONNECT THE 
TRANSFEROR AND TRANSFEREE COMPUTER 
SYSTEM ACROSS THE NETWORK 



TRANSFER A COPY OF THE OPERATING 
SYSTEM DATA FROM TRANSFEROR COMPUTER 
SYSTEM TO TRANSFEREE COMPUTER SYSTEM 



I 



END 



FI5 1 



06/07/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 25, 1992 Sheet 2 of 2 5,142 




o 

CM 



o 



it 



CO 



o 

00 



/ / / 



a. cm 
a T - 



> 

•c 

Q 
O 





CM 


CO 


c 


C 


c 


rtitio 


itioi 


o 


tr 


r 


ca 


CD 


CQ 


a 


a. 


a 



CM 



O 

E 

a> 



<0 
CD 

•o 
c 
re 

E 

E 
o 




■o 

& 
c 

3 
O 



Cft 

8 
> 



a> 
k. 

3 

UL 



00 

E 

8 

CO 

> 

g E 

cT 5 

a> 
». 

3 
O) 

il 



2 



c 

3 
O 



S 
c 



3 

a 
E 

<3 

s 

c 



CM 

o 

E 




06/07/2004, EAST Version: 1.4.1 



5,142, 

1 

METHOD FOR LOADING AN OPERATING 
SYSTEM THROUGH A NETWORK 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

Tlits invention relates to the loading and upgrading of 
operating systems on computer systems connected in a 
network environment. 

2. Art Background 10 
. An operating system consists of program modules 
within a computer system that govern the control of 
equipment resources such as processors, main storage, 
secondary storage and I/O devices. These modules 
resolve conflicts, attempt to optimize performance and 15 
simplify the effective use of the computer. They act as 
an interface between the user programs and the physical 
computer hardware. In order to load an operating sys- 
tem, an I/O device such as a tape drive executes a pro- 
gram resident in the tape drive and inputs the new oper- 20 
ating system data into a predetermined area of memory 

in the computer During the course of loading an oper- 
ating system the disk space where the operating system 
is loaded is erased and re-written with the new operat- 
ing system data. The amount of information to be 25 
loaded on the system is significant and takes one and 
one-half to two hours to read and down load the infor- 
mation from the tapes. 

Before the advent of the distributed systems of today, 
a single computer system would service a multiplicity 30 
of users. Thus when it came time to upgrade the operat- 
ing system, the system manager would only have to 
load the new operating system onto a single computer 
system. However, in today's distributed processing 
environment, it is quite common that each user has his 35 
own computer with its own operating system whereby 
the computer is networked together with other comput- 
ers. Thus, when an operating system upgrade is per- 
formed, the process of loading the operating system 
from an I/O device has to be performed with respect to 40 
each individual computer system in the network. The 
upgrade of multiple computer systems can be quite time 
consuming, and it can be even more burdensome in an 
operating system development environment where op- 
erating system upgrades may be performed as fre- 45 
quently as once a week. Thus, it would be preferable in 
a distributed environment to load the operating system 
onto one machine from a tape and thereafter transmit 
copies of the operating system over the network to each 
computer system connected to the network. 50 

If the operating system is transferred from one system 
to another through a network, the amount of time re- 
quired to load the operating system is decreased. How- 
ever, to load the system onto a computer in a network 
environment, the computer system must be booted and 55 
running an operating system accessible by the computer 
hardware and capable of network communication. It 
should be remembered that when the new operating 
system is loaded onto the computer the disk space is 
re-written thereby over-writing and corrupting the 60 
existing operating system concurrently being used by 
the computer hardware. A way to avoid the problem of 
over-writing the presently used operating system is to 
boot the computer system to be loaded or upgraded 
from an operating system resident on another computer 65 
in the network. That is, when the computer hardware is 
powered on a signal is sent out over the network to 
which the computer hardware with the operating sys- 
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tern to be accessed responds. The remote network com- 
puter then provides disk partitions on its own local disk 
for the computer to use. The computer system to be 
upgraded is then booted using the operating system 
located on the network computer. Once the computer is 
booted and active on the network, the new version of 
the operating system can be down-loaded from the 
network computer system. 

However, in order to utilize such an approach, the 
network must be configured and initialized to know thai 
when the particular computer is powered on, that com- 
puter is to be booted using the operating system accessi- 
ble on a specific network computer. Thus if the network 
configuration changes or if it is desirable to boot up 
from a different network computer than the one initially 
specified, the network parameters then have to be 
changed. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method for loading operating systems from 
one computer to another computer in a network envi- 
ronment. 

In the method of the present invention a subset of the 
opera^in^_^yMejn_jupp orting netwo rk communications 
isToaded into a root partition created in the transferee 
computer's memory. Once the transferee computer 
system is thus booted from and running off the memory 
resident operating system and connected to the net* 
work, it is ready to receive from the transferor com- 
puter system the new version of the operating system to 
be loaded on its disk. Because, the currently utilized^ 
operating system on the transferee computer is running 
off of memory as opposed to off the disk, the problems 
in the prior art with over-writing the currently utilized 
operating system when downloading the new version of 
the operating system are eliminated. In addition, the 
time required to download the operating system is de- 
creased because the data transfer rate between two 
computer systems located on the network is much 
greater than that between a external I/O device, such as 
a tape drive and a computer. Also, updates to the oper- 
ating system on the transferor computer do not entail 
the creation of tapes for the installation of the updated 
version of the operating system on the transferee com- 
puter. 

BRIEF DESCRIPTION OF THE INVENTION 

The objects, features and advantages of the method 
of the present invention will be apparent from the fol- 
lowing detailed description of the preferred embodi- 
ment in which: 

FIG. 1 is a flow chart outlining the steps performed in 
the method of the present invention. 

FIG. 2(a) is an illustration of the the computers used 
in the method of the present invention. 

FIG. 2(b) is an illustration of the hierarchical file 
system and how it is locally attached in the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An entire operating system can be transferred to a k 
computer (transferee computer) from another computer 
(transferor computer) located on the same network. 
This capability is available by loading a subset of an 
operating system into a root directory established in 
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) RAM in the transferee computer thereby freeing the system is loaded to the subdirectories of the root direc- 
[ disk to receive the operating system files. The subset of tory resident in RAM, the data will be transferred ap- 
ihe operating system to be loaded into RAM includes propriately to the first or second disk partition. It is also 
those commands necessary for the computer to connect preferred that another disk partition be created for the 
and operate on the network thereby permitting the 5 swapping of data during the execution of commands 
communication between the transferor computer and during the process. This disk partition provides the 
the transferee computer. By establishing the root direc- extra scratch memory that may be needed during the 
tory in RAM and storing the operating system in RAM, execution of certain commands executed during the 
the integrity of the system being installed on the disk is transfer of the operating system. Typically, it is the 
insured because all data relative to the running operat- 10 same swap partition used by the computer during nor- 
ing system is located within memory. mal operation. 

~~ Throughout the discussion below, the method of the At block 40, the network addresses of the transferor 
present invention is described with respect to the computer and the transferee computer as well as the 
UNIX ® (UNIX is a Registered Trademark of AT&T) addresses of gateways that may be located between the 
operating system and in particular, the Sun operating 15 two computers arc input to the system, and at block 50 
system, SunOS TM (SunOS is a trademark of Sun Mi- the network routine to connect the two computers is 
crosysiems, Inc.) manufactured by Sun Microsystems, executed. For example, in SunOS a shell script routine 
Inc., Mountain View, Calif. However, as it will be clear is used to initialize the network environment which is 
from the discussion, the method of the present invention NFS. NFS is a utility which provides a capability which 
may be utilized in conjunction with most any operating 20 permits one computer system to mount the remote disk 
system which provides for a network environment. space of another computer system in the network and 

The process for transferring an operating system use it as if it is locally attached disk space (For more 
across a network is described in the flow chart of FIG. information on NFS see R. Sand berg, D. Goldberg, S. 
1. At block 20, the root directory is set to be in the Kleiman, D. Walsh, B. Lyon, Design and Implementa- 
RAM and a subset of the operating system is loaded into 25 tion of the Sun Network File System, USENIX, Sum- 
memory. ThisistyjHcally^^ mer 1985, p. 119-130). 

system and interrupting the defaufiToading of the oper- At block 60, once the transferor computer system is 
ating system so that the root device can be reset to be connected to the transferee computer system through 
the RAM and the operating system can be reinitialized ' the network, a copy of the new operating system is 
to be located in RAM. Typically the subset of the oper- 30 transferred from the transferor computer system to the 
ating system is transferred from a device, such as a tape. transferee computer system. In the SunOS-NFS envi- 
to the RAM. However, in a UNIX system, a subset of ronment, the mount command is used to mount the file 
the operating system may be transferred from another system of the transferor computer onto the root direc- 
computer connected through a network, using the Triv- tory of the transferee computer to simplify the copying 
ial File Transfer Protocol (TFTP), a low level, device 35 process and the UNIX TAR command is executed to 
specific, address specific protocol which permits a file transfer the files representative of the operating system, 
transfer from one device to another over a network The TAR command archives and extracts multiple files 

The subset of the operating system comprises only into a single file archive called a TAR file. A TAR file 
those commands required to boot the system and per- is usually located on a magnetic tape but it can be any 
form basic functions such as copy files, rename files, link 40 file. In the present case the file is virtually a stream of 
files, create directories. In addition the subset should information between two TAR processes; one TAR 
include^ com mands to format the disk , mount file sys- process reading the operating system files on the trans- 
terns and establish and maintain network communica- feror system, the other TAR process extracting files 
tions. Thus in the present embodiment, a subset of the from the stream and writing them onto the disk of the 
UNIX operating system may be loaded in RAM. It 45 transferee computer recreating the directories and the 
should be noted, however, that the operating system position and protection of files as they exist on the trans- 
loaded in RAM need not be a subset of the operating feror computer system. Alternatively the file system of 
system to be transferred to the disk of the transferee the transferor computer is mounted on a subdirectory of 
computer. In SunOS, it is preferable that a superset of the root directory located on the disk drive of transferee 
MUNIX is loaded into RAM. MUNIX is a very small 50 system. 

subset of the UNIX operating system which is used to The invention described may further be illustrated 
create disk partitions on new computer systems. The with reference to FIG. 2. Referring to FIG. 2(a), the 
version of MUNIX used in the system of the present transferee computer 70 and the transferor computer 88 
invention however, includes additional commands are shown. The two computers are connected in net- 
which permit the system to be connected to and active 55 work 90. Transferee computer 70 contains central pro- 
on the network and therefore can receive and transmit . cessing unit (CPU) 120, input/output devices 84, disk 
data. These extra commands give the computer the drive 80, and memory 72. Transferor computer 88 con- 
capability referred to, in the SunOS environment, as tains disk drive 114 and is configured the same as trans- 
- "client-side NFS.'* feree computer 70. Commands 76, located in memory 

Once the subset of the operating system is loaded into 60 72, are the subset of commands in the operating system 
RAM, at block 90, the system is booted using the mem- being executed in transferee computer 70 in the pre- 
ory resident operating system, and the local disk where ferred embodiment. Disk drive 80 contains the two 
the new operating system is to be loaded is cleared. In partitions, 94 and 98, for receiving the operating system 
addition, it is preferred that two disk partitions are ere- files and a third partition 102 for scratch memory as 
ated where the operating system will be stored. The 65 transferee computer executes the subset of the operating 
first partition is linked to or mounted on the subdirec- system command 76. 

tory of the root directory, and the second partition is FIG. 2(b) illustrates the hierarchical file system and 
mounted on the first partition. Thus when the operating how the file system is locally attached among the disk 



06/07/2004, EAST Version: 1.4.1 



5,142,680 

5 6 

drives and the partitions within the disk drives. Root files from the second computer over the network 
directory 104, located on memory 72 of transferee com- into the hierarchical file system created on the disk 
puter 70, is the highest level of the hierarchical file drive of the first computer by executing the corn- 
system. Subdirectories 108 and 112 are created on disk mand for copying files in the first computer, 
drive 80 in partitions 94 and 98 respectively. Subdirec- 5 whereby the disk drive of the first computer is rewrit- 
tory 108, in first partition 94. is mounted on root direc- ten with the copy of the transferring operating 
tory 104, and subdirectory 112, in second partition 98. is system loaded from the second computer without 
mounted on partition 94. Similarly, file directory 120, corrupting the subset operating system stored in 
located on disk drive 114, is mounted on root directory the memory of the first computer. 
104. Therefore, when operating system files 118 are 10 2. The method of claim 1 wherein the step of cstab- 
loaded to subdirectories 108 and 112 of root directory lishing communications between the first computer and 
104, the files will be transferred to first partition 94 and the second computer comprises the step of: 
second partition 98. mounting a file system of the second computer which 
While the invention has been described in conjunc- stores the transferring operating system files onto a 
tion with the preferred embodiment, the UNIX operat- 15 subdirectory of the root directory set in the mem- 
ing system, and in particular SunOS running NFS, it is ory of the first computer. 

evident that numerous alternatives, modifications, vari- 3. The method of claim 1 wherein the transferring 

ations and uses wilt be apparent to those skilled in the operating system is a UNIX operating system and the 

art. In particular it is evident, in light of the foregoing command for copying files from the second computer 

description, that a variety of computer types, operating 20 to the first computer is a UNIX TAR command, 

systems and networks can be applied to the method of 4. The method of claim 1 wherein the step of initial- 

the present invention. izing the disk drive of the first computer comprises the 

I claim: step of: 

1. In a computer network comprising a plurality of creating a disk partition on the disk drive of the first 

computers, each computer comprising a central pro- 25 computer for temporary storage of data during the 

cessing unit (CPU), memory, offline storage, input/out- execution of the commands of the subset operating 

put devices, and a current operating system stored on a system by the first computer, 

disk drive, a method for loading a transferring operating 5. The method of claim 1 wherein the transferring 

system onto a first one of said computers from a second operating system is a UNIX operating system, 

one of said computers comprising: 30 6. The method of claim 1 wherein the step of estab- 

setting a root directory in the memory of the first lishing communications between the first computer and 

computer; the second computer comprises the step of: 

loading a subset operating system into the memory of mounting a file system of the second computer which 

the first computer from the offline storage of the stores the transferring operating system files onto 

first computer, said subset operating system com- 35 the root directory set in the memory of the first 

prising commands for copying files, creating file computer. 

directories, formatting disk drives, and establishing 7. The method of claim 6 wherein the step of initial- 
a network connection and operation on the net- izing the disk drive of the first computer further corn- 
work; prises the steps of: 

initializing the first computer using the subset operat- 40 clearing portions of the disk drive of the first com- 
ing system; puter where the transferring operating system is to 

initializing the disk drive of the first computer by be loaded; 

executing the commands for formatting disk drives establishing two partitions on the disk drive of the 

and creating file directories to create a hierarchical first computer where the transferring operating 

file system on the disk drive of the first computer 45 system is to be loaded; 

having a base at the root directory; mounting the first partition onto a subdirectory of the 

establishing communications between the first com- root directory; 

puter and the network by executing the commands creating a directory in the first partition; and 

for establishing a network connection and opera- mounting the second partition onto the directory 

tion on the network to communicate with the sec- 50 created in the first partition, 

ond computer; and whereby the transferring operating system files are 

copying operating system files of the transferring loaded onto the first and second partitions of the 

operating system in the second computer and load- disk drive of the first computer, 

ing the copy of the transferring operating system • • • * • 

55 
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